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Purpose/Objective: The development of new dosimeters to 
be used in a quality assurance program where uncertainties 
due to small field measurements could introduce systematic 
errors to the treatment process, is a challenge. Dosimeters 
with an intrinsic high spatial resolution are necessary for field 
size and penumbra measurements of small fields, which are 
increasingly used in high conformal treatments like Intensity-
Modulated treatments (IMRT), Volumetric Modulated Arc 
Therapy (VMAT) and stereotactic treatments. A novel linear 
epitaxial silicon array was tested to demonstrate its 
suitability for quality assurance in radiotherapy high 
conformal treatments. The aim was the evaluation of its 
capabilities when crucial treatment parameters such as dose 
rate, gantry angle and segment size, change almost 
continuously during the radiation delivery. 
Materials and Methods: The linear array prototype (IBA_1D) 
studied in this work is based on a 64-pixels monolithic silicon 
sensor made of epitaxial p-type silicon, the sensor length is 
64mm and pitch is 1mm. IBA_1D design is modular, it has four 
sensors mounted on a printed circuit board and connected to 
an IBA emXX electrometer. The dosimeter was tested with 
6MV RX delivered by Elekta Synergy BM Linac and Accuray 
Tomotherapy. Results were compared with measurements 
performed with Radiochromic films EBT3, Extradin A1SL Ion 
Chamber and Sun Nuclear Tomodose. 
Results: Output factors (in the range 0.8-10.4 cm) measured 
with IBA_1D are very close to the ones measured with ion 
chamber A1SL and EBT3 even at the smallest field size of 
0.8×0.8 cm2, where the deviation was less than 1.% whereas 
the maximum deviation is 1.5% corresponding to the 1.6×1.6 
cm2 field size. As example, in Fig 1, normalized lateral 
profiles of the smallest linac squared field and lateral 
tomotherapy beam profile of 1 cm jaw apertures are shown. 
 
Field size and beam’s penumbra were measured and 
compared to those of EBT film and Tomodose; result are 
reported in table 1. Eventually measured dose profiles were 
compared with ones predicted by Pinnacle and Monaco TPS, 
showing an excellent characterization of high modulated 
profiles.  
 
Conclusions: IBA_1D is a novel and valuable tool for QA small 
field dosimetry. All measurements demonstrated the device‘s 
capability to measure with high spatial resolution many 
crucial properties of the RT beams and the high temporal 
resolution capability of the detector readout system, which 
allows to investigate the temporal dose pattern of IMRT and 
VMAT deliveries. 
Measured field width match very well film data. The 
agreement between IBA_1D and the TPS is encouraging also 
in the VMAT application and demonstrates the great potential 
of the array due to the larger spatial resolution with respect 
to conventional dosimeters. 
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Purpose/Objective: With the increasing diffusion of SRS and 
SBRT treatments, the combination of FFF beams and small 
fields is becoming of common use and thus the necessity of 
adequate instruments for dose measurements is compelling. 
Aim of this work was the characterization of a PTW-
MicroDiamond detector under FFF beams up to small fields. 
Materials and Methods: A study in terms of repeatability, 
dose linearity and dose rate dependence was carried out. The 
dose per pulse dependence was evaluated up to 
0.13cGy/pulse comparing the dosimetric response of the 
MicroDiamond with the one of a calibrated Farmer-like 
reference detector. Since changing dose per pulse entails 
changing the beam energy too, an evaluation of the quality 
correction factor (kQ,Q0) was carried out. ND,w,Q0 for the 
MicroDiamond was measured with a 60Co beam in the ENEA-
IMRI Primary Metrology Center (Rome, Italy). The stopping 
power ratios (SPR) between diamond and water were 
calculated with the sprznrc module of the EGSnrc Monte 
Carlo code hence obtaining an approximated kQ,Q0 factor. The 
Varian phase space files of the TrueBeam beams were used as 
input files and the SPR values calculated for a 10x10cm2 field 
at a depth of 5cm and SSD=100cm. DFarmer/DMicroDiamond dose 
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ratios were calculated and the dose per pulse response 
evaluated.  
Furthermore a comparison with other detectors and with 
MonteCarlo simulations was carried out in terms of dose 
profiles and Output Factors (OF) for fields from 0.6 to 40 
cm2. 
Results: Repeatibility and dose linearity were assessed within 
0.5% for all energies. Dose rate dependence was evaluated up 
to 2400 MU/min and deviations <0.5% were observed.  
MicroDiamond shows a very good stability with respect to the 
dose per pulse: the dose differences with the Farmer are 
≈1.4% with variations ≤0.2% for all the dose per pulse values. 
The critical issue is the low sensibility with respect to silicon 
detectors. 
MicroDiamond Output Factors for fields <20x20cm2 show a 
good agreement (<0.5%) with the ionization chambers while 
diodes overestimate the dose for more than 3%. For small 
fields (<3x3cm2) MicroDiamond measures ≈3% lower than the 
shielded diode (whose overestimation is known in literature) 
and very near to the stereotactic diode measurements. 
However a particular attention has to be paid to the high 
physical density that may give some problems for very small 
field measurements.  
The profile measurements show a good spatial resolution 
comparable to the commonly used solid state detectors.  
 
 
 
Conclusions: The PTW MicroDiamond seems to be an ideal 
detector for relative dosimetry. It is a very stable detector 
under FFF beams condition and the combination of a very 
weak energy dependence and a small active volume makes it 
adapt for all field sizes measurements in terms of Output 
Factors and profiles.  
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Purpose/Objective: Radiochromic films are extensively used 
for radiotherapy applications to measure 2D dose 
distributions in anthropomorphic phantoms. Generally the 
film is calibrated by delivering a homogeneous known dose to 
small pieces of film in a solid water phantom in a plane 
oriented perpendicular to the beam axis. For the 
radiochromic film measurements in anthropomorphic 
phantoms the films are often used in a plane parallel to the 
beam axis. In some cases the film is also applied in regions of 
the phantom with densities considerably different than the 
density of water (such as lung areas). The purpose of this 
study is to investigate whether the response of radiochromic 
film (EBT 2) depends on the angle between the film plane 
and the beam axis, and whether this rotation dependency is 
influenced by the density of the surrounding phantom 
material. 
Materials and Methods: The rotation dependency of the 
radiochromic film was investigated with a Monte Carlo model 
based on the Penelope 2011 source code. The geometry 
consists of a film piece in water phantom in a 10 x 10 cm2 
field. The radiochromic film is modelled as consisting of 5 
layers. The composition of the layers is based on [1]. The 
orientation of the film with respect to the beam is defined by 
the angle, α between the film plane and the beam axis. The 
dose was scored in a 3D matrix of voxels with dimensions of 
0.5 x 0.5 cm2 in the film plane and 5 x 10-4 cm in the 
direction perpendicular to the film plane. The matrix position 
was matched to the different film layers. The response of the 
film was calculated per voxel of the sensitive layer, as the 
ratio of the dose to the sensitive layer and the dose to water 
in absence of the film. The simulations were performed for 
three different values of α; 0o, 45o and 90o, and for two beam 
qualities Co-60 and 6 MV linac beam. In addition the 
simulations are repeated with low density (0.19 x ρwater) 
water as phantom material. 
Results: The average response of the film is independent of 
the orientation angle within 0.2 %. However for α = 0o in the 
direction along the sensitive layer perpendicular to the 
rotation axis (i.e. in the depth direction), the response varies 
as a function of the position on the film (see figure). A fit to 
the data shows a linear trend of 0.27 and 0.20 %/cm ± 0.04 
%/cm (k = 2). For the situation with low density water as 
phantom material the trend is up to 0.88 %/cm ± 0.13 %/cm.  
Conclusions: For orientations with the film parallel to the 
beam axis the response of the film changes as a function of 
the position on the film. The trend becomes even more 
pronounced when phantom materials with lower densities 
than water are used. Care should be taken when the 
radiochromic film are used in a geometry with the film piece 
parallel to the beams and in phantoms with low density 
materials. The average response to the sensitive layer is 
independent of the orientation angle. 
